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VARIABLE -RELUCTANCE POSITION TRANSDUCER 



The present invention relates to a variable -reluctance 
analog position transducer device and method. It is applicable 
in particular but not exclusively to devices suitable for 
measuring a variation of air gap between a ferromagnetic 
target and a transducer, the ferromagnetic target being 
displaced in linear or rotary manner opposite the transducer. 

In general, the invention comprises a contactless rotary 
or linear transducer making it possible to obtain very linear 
induction variation, with maximum sensitivity. It can find a 
very particular application in measurement of the liquid level 
in a reservoir, the target being placed inside the liquid- 
containing reservoir and the magnet being situated on the 
outside, thus measuring the position of the target through the 
reservoir walls. 

For better understanding of the invention and of the 
magnetic transducer devices, it is important hereinafter to 
understand the notion of ^^zero gauss" . 

The measurement position delivering a signal equal to 
zero gauss corresponds effectively to the point of greatest 
stability and sensitivity. There is no ^^of f set" , or in other 
words a significant difference relative to zero gauss, to be 
amplified; only the useful signal has to be processed, thus 
permitting a larger gain from the electronic viewpoint, 
leading to a more favorable signal-to-noise ratio. In 
addition, a temperature -compensating device is necessary to 
compensate for the reversible change of the magnetic 
properties of the magnet. The variation of transducer 
sensitivity as a function of temperature must be compensated 
for, but the compensation applied cannot be perfect and the 
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influence of these compensation errors will be smaller the 
smaller the measured inductance is. 

At present there exist rotary transducer devices making 
it possible to obtain an excellent linearity, that is, of ± 
0.5%, albeit over travels of reduced angular range. 

For example, there is already known French Patent No. 
2670286 filed in the name of the Applicant, which describes a 
position transducer provided with a stator defining an air 
gap, within which there is displaced a mobile magnet integral 
with a coupling means. The transducer is provided with a Hall- 
effect sensor for measuring the variation of induction in the 
air gap. The stator is composed of a first fixed part and a 
second part that is either fixed or mobile, the two parts 
defining between one another a main air gap in which there is 
displaced the part of the mobile element. The mobile element 
has at least two adjacent thin parts magnetized transversely 
in alternate sense, the magnetized parts being made of a 
material having a practically linear demagnetization 
characteristic and a reversible permeability close to that of 
air in the entire working range. The fixed part has at least 
two secondary air gaps substantially perpendicular to the main 
air gap in which the mobile element is displaced. The Hall- 
effect sensor is seated in one of the said secondary air gaps. 

There is known European Patent No. 0665416, also filed in 
the name of the Applicant, which describes a magnetic position 
transducer of the type provided with a radially magnetized 
thin permanent magnet of tubular shape, integral with a 
coupling shaft, the said permanent magnet being rotationally 
mobile in a cylindrical main air gap defined by a yoke and a 
stator of soft magnetic material, the stator having a 
secondary air gap in which there is disposed a Hall -effect 
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sensor, characterized in that the stator is disposed coaxially 
in the interior of the permanent magnet, and in that the yoke 
ensuring closure of the magnetic flux generated by the 
permanent magnet is formed by a tubular piece coaxial with the 
magnet and the rotor. 

Transducer devices with digital and not analog output are 
also found on the market. Such transducers are generally used 
for detection, that is, the presence or absence of a toothed 
ferromagnetic target. The output signal of this type of 
transducer is not proportional to the linear or angular 
position of this ferromagnetic target, because it has only two 
states, usually designated 1 or 0, as a function of that which 
is close to the transducer. Relative to devices of this type, 
French Patent Nos . 2735222 and 2734913 disclose a proximity 
transducer comprising a Hall -effect ferromagnetic piece. 
French Patent No. 2724722, filed in the name of the Applicant, 
also describes a device that permits the detection, that is, 
only the presence or absence of a toothed ferromagnetic 
target . 

In the prior art there is known US Patent 4785242, which 
describes a type of angular transducer having a rotor of 
variable section for ensuring a transfer function between the 
angular position and the output signal . On the other hand, it 
does not disclose the characteristic according to which the 
Hall -effect sensor is seated in a cavity of the permanent 
magnet . 
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German Patent Application 19503075 describes a mechanical 
arrangement for positioning the sensor. This patent 
application does not disclose anything at all about a 
variable-reluctance analog position transducer seeking to 
create zero gauss . 

By virtue of the cavity created in the permanent magnet 
in the device according to the invention, some of the lines of 
force pass through the cavity, leading to a '"negative" field, 
while the other lines of force pass outside the magnet, 
leading to a '"positive" field, the zero gauss point being 
situated between these two fields. By virtue of the zero 
gauss, there are achieved: 

temperature stability: 0 gauss = 0 gauss at all 
temperatures , 

- better signal amplification, because there is no common 
mode to be amplified. 

The technical solutions disclosed in the foregoing 
patents may be satisfactory in their particular application, 
but the major drawback of these devices lies in the fact that 
the function of measurement of angular position by a variation 
of the magnetic induction has a maximum travel of only + 90° 
around the zero gauss position. 

At present, therefore, there does not exist any analog 
and not digital magnetic position transducer capable of 
determining the position of a ferromagnetic target over a 
travel comprising one complete revolution, or in other words 
360<> . 

The invention therefore has more particularly as its 
objective the elimination of this deficiency. To this end it 
proposes a variable -reluctance analog position transducer 
intended to determine the variation of position of a target. 
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comprising a target made of a ferromagnetic material and at 
least one magnet, the target and the magnet defining between 
one another an air gap, the device additionally being provided 
with a magnetosensitive element for detecting the variation of 
induction caused in the air gap by the displacement of the 
target relative to the magnet, characterized in that the 
magnet is magnetized along a direction substantially 
perpendicular to the front surface of the magnet bounding one 
edge of the air gap, the said magnet having a cavity opening 
on the said front surface of the magnet, the magnetosensitive 
element being seated in the said cavity, the target having a 
geometric configuration designed such that the variation of 
induction as a function of the said position of the target 
corresponds to a predefined function. 

By virtue of these particular features, the invention 
therefore makes it possible to manufacture, very simply, both 
linear and rotary transducers making it possible to have 
excellent linearity and, for the rotary transducers, maximum 
travels close to 360^, with a mean or initial induction to be 
measured close to zero gauss. 

In addition, the device according to the invention has a 
clearly lower manufacturing cost and a great variety of 
transducers with different target shapes or geometry, for both 
linear and rotary transducer applications . 

Preferably, the said magnet will be U-shaped. 

According to one option offered by the invention, the 
target will be rotationally mobile around a shaft 
perpendicular to the axis of magnetization of the said magnet. 
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According to another option offered by the invention, the 
target will be rotationally mobile around a shaft parallel to 
the axis of magnetization of the said magnet. 

According to one advantageous aspect of the invention, 
the plane in which displacement of the target takes place is 
included in a plane passing through the center of the 
magnetosensitive element • 

Advantageously, the magnetosensitive element will be 
seated in a cavity or seat of the magnet . 

Similarly, the target will be displaced along an axis 
perpendicular to the axis of magnetization of the said magnet. 

According to one aspect of the invention, the target will 
have a particular or optimized shape, suitable for delivering 
a linear induction B as a function of the displacement of the 
said target . 

According to one option offered by the invention, it will 
be possible for the magnetosensitive element to be a Hall- 
effect sensor. Similarly, it will be possible for this 
magnetosensitive element to be a magnetoresistor . 

Advantageously, the device of the invention will be 
provided with a ferromagnetic piece adhesively bonded to the 
back of the aforesaid magnet . 

It will also be possible for the aforesaid magnet to have 
the form of half magnets adhesively bonded to a T-shaped 
ferromagnetic piece . 

In addition, according to one option offered by the 
invention, it will be possible for the magnetosensitive 
element to be a sensor of intelligent" type, such as a **HAL 
855 - Micronas" sensor, whose output voltage is a programmable 
function. In this case, it will be possible for the target to 
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have any shape whatsoever, that is, it will not have to be 
constructed or formed by means of the method given hereinafter 
for construction of a target according to the invention. 

According to a particularly interesting aspect of the 
invention, it will be possible for the magnetosensitive 
element to have a mean or initial induction close to zero 
gauss . 

The present invention also relates to a method for 
construction of a target made of a ferromagnetic material, 
having a desired induction signal B, intended to be employed 
in a linear or rotary analog magnetic position transducer 
device provided with the said target, a magnet associated with 
a magnetosensitive element, characterized in that it comprises 
the following steps: 

establishment of a first geometric shape for the 
aforesaid target, 

positioning of points on the target; these points 
having coordinates (x, y) in a viewing plane of spatial 
coordinates (x, y, z) , 

- calculation of the magnetic induction signal B as a 
function of the linear or rotary displacement of the target; 
the displacement of the target being effected over a 
predefined traj ectory, 

- modification of the coordinates of one of the aforesaid 
points and recalculation of the induction B as a function of 
the position of the target in order to determine the influence 
of this point on the induction B measured by the aforesaid 
magnet , 

- determination of a matrix and solving of an equation 
suitable for defining the new geometric shape of the aforesaid 
first shape determined previously for the target. 
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- repetition of the aforesaid calculation, modification 
and determination steps until there is obtained a magnetic 
induction B as a function of the linear or rotary displacement 
of the target, satisfying, that is, in conformity with the 
desired linearity criteria, or until there is obtained a 
nonlinear function f (x) . 

The invention will be understood better by means of the 
description, provided hereinafter for purely explanatory 
purposes, of embodiments of the invention with reference to 
the attached figures: 

- Fig. 1 illustrates a practical example of a device 
according to the invention suitable for obtaining a linear 
signal of 3 x 120^; 

- Fig. 2 is a view from above of the device illustrated 
in Fig. 1 ; 

- Fig. 3 is a device according to the invention provided 
with a target with linear displacement; 

- Fig. 4 illustrates a graph relating to the induction B 
of the device illustrated in Fig. 3; 

- Fig. 5 is a device according to the invention provided 
with a target with rotary displacement; 

- Fig. 6 illustrates a graph relating to the induction B 
of the device illustrated in Fig. 5; 

- Fig. 7 is a perspective view of the device illustrated 
in Fig. 1, except for the fact that the magnet is located in 
the interior of the target ; 
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- Fig. 8 is a view from above of the device illustrated 
in Fig- 7; 

- Fig. 9 is a view from above of a device according to 
the invention in which the target has cylindrical shape and is 
displaced in an eccentric rotary manner that permits a signal 
of 2 X 180® to be obtained; 

- Fig. 10 illustrates the same device as that of Fig. 9, 
except for the fact that the magnet is located in the interior 
of the target ; 

- Fig. 11 is a view from above of the device according to 
the invention, in which the target is rotary, thus permitting 
a linear signal over 36 0*=* to be obtained; 

- Fig. 12 is a graph relating to the variation of the 
induction signal as perceived by the device according to the 
invention for one complete revolution of the target, meaning 
over 3 60*^; 

- Fig. 13 illustrates a target having a plane profile, 
situated opposite the device according to the invention, and 
being displaced linearly opposite the said device; 

- Fig. 14 illustrates a graph relating to the induction 
perceived by the magnetosensitive element of the device and 
the output signal corrected, that is, linearized by a 
programmable "intelligent" sensor, such as a HAL 855 sensor, 
as a function of the position of the target illustrated in 
Fig. 13; 

- Fig. 15 is a view in section of a U-shaped magnet 
provided with a parallepiped seat, at the center of which 
there is situated the "zero gauss" point; 
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Fig. 16 illustrates an embodiment of the device 
according to the invention. In this particular embodiment, the 
target is composed of a deformable ferromagnetic membrane 
which, under the effect of a force or pressure, modifies the 
air gap between the aforesaid target and the transducer 
magnet . 

- Fig. 17 illustrates a perspective view of the magnet 
installed on a T-shaped ferromagnetic pole piece in order to 
permit a zero gauss position to be obtained. 

One of the principles of the invention is to create an 
analog induction variation of low mean value, such as a few 
hundred gauss, which consists in a function of the linear or 
angular position of a ferromagnetic piece and which can be 
exploited by a magnetosensitive element. 

As is evident in the different figures, the variable- 
reluctance analog position transducer intended to determine 
the position of a target 1 includes the said target 1 of 
ferromagnetic material, having a supposedly infinite 
permeability, a permanent magnet 2 and an element sensitive to 
the sense and intensity of a magnetic field, referred to 
hereinafter as "'magnetosensitive element" 3, such as a Hall- 
effect sensor, disposed in the air gap formed between magnet 2 
and target 1 . 

Magnet 2 is a magnet having two poles, one of the poles 
being directed from the edge of the air gap over the surface 
of the magnet forming the side of the air gap, the other pole 
being on the opposite side. 
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The magnetization is oriented in a direction 
perpendicular to these two sides, in one sense or the other. 
The magnetization is perpendicular to the surface of the 
magnet directed toward the air gap. 

In the case of a target that is translationally mobile 
along a plane substantially parallel to the pole surfaces of 
the magnet, the variation of induction results from the 
variation of the air gap, or in other words the space between 
the cross section of target 3 and the cross section of magnet 
1 disposed opposite one another. This variation results from 
the geometric configuration of the target, determined by 
calculation or experimentation, so that the distance between 
the surface of the target and the magnet varies as a function 
of the relative position on the translation trajectory, 
according to a specified curve. 

In the case of a target that is translationally mobile 
along an axial direction, that is, perpendicular to the pole 
surfaces of the magnet, the variation of induction results 
from the axial position of the target relative to the magnet. 

In the case of a target that is rotationally mobile in a 
plane substantially parallel to the pole surfaces of the 
magnet, the variation of induction results from the variation 
of thickness of the target in the radial direction. 

Magnetosensitive element 3 of the sensor is ideally 
placed as close as possible to ^^zero gauss" point 4, as 
illustrated in Fig. 15 for a substantially U-shaped 
configuration of magnet 2. Also conceivable is a magnet 2 
adhesively bonded to a T-shaped ferromagnetic piece as 
illustrated in Fig. 17. In both cases it is possible, by 
virtue of the shape of magnet 2, to obtain a position in the 
interior of the magnet such that the induction is relatively 
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The value of the induction will be modified by the 
presence of the target, and this modification will be directly- 
related to the air gap between the target and the 
magnet /magnetosensitive element assembly. 

In the different cases illustrated in the figures, the 
displacement of target 1 takes place along an axis 
substantially perpendicular to the magnetization of magnet 2. 

The profile of target 1 in the plane under consideration 
can be related to a function of type Z = f (x) . The magnetic 
induction generated by magnet 2 at a given point A of its axis 
Z is then a linear function of type B = k*x + b. The profile 
of target 1 is obtained by a coupling between the magnetic 
simulation software and a mathematical algorithm for shape 
optimization, by virtue of which the method of the invention 
is achieved. 

In the present invention, optimization of target 1 is not 
absolutely necessary; in fact, it is possible to use a 
ferromagnetic target 1 of simple shape by combining magnet 2 
with an '"intelligent" sensor such as that of the HAL 855 - 
Micronas type, making it possible to program the output signal 
so as to obtain any desired function, especially one that is 
linear as a function of the displacement, the table of values 
being stored in the sensor beforehand. 

For the manufacturer and the person skilled in the art, 
this invention makes it possible to send a linear signal for a 
given target 1, but this invention also makes it possible to 
send any kind of signal whatsoever, for which purpose it is 
sufficient to adapt the shape of target 1 to the desired 
output signal or more simply to program an ^^intelligent" 
sensor, such as one of the '^MICRONAS HAL 855" type, with the 
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appropriate function . 

In an example chosen to illustrate the invention and 
presented in Fig. 3, the device according to the invention 
includes a target having a length of 4 0 mm. By virtue of the 
method for constructing a target having an adapted profile or 
shape, the result of the induction perceived by the 
magnet /magnetosensitive element assembly during displacement 
of target 1 at five points over a range of twenty millimeters 
is, as illustrated in Fig. 4, a perfect straight line, 
corresponding to excellent linearity of the induction as a 
function of the displacement. 

Although a target 1 having such a length is chosen, it 
will naturally be possible in practice to obtain a longer 
travel . 

In the case illustrated in Fig. 5, the device of the 
invention includes a target 1 having three spiral teeth 5, 
each disposed at an angle of 12 0° and having a length of 2 0 
millimeters. It will also be possible to envision targets 1 
having one, two or more than three spiral teeth 5, in order to 
obtain a particular induction. 

Fig. 6 shows the results pertaining to the induction of 
the magnet/magnetosensitive element assembly during 
displacement of target 1 at nine points over a range of 80®. 
In a manner identical to the foregoing, excellent linearity is 
obtained over this displacement range. 
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As is evident in Fig. 16, the magnet 2 and 
magnet ©sensitive element 3 assembly is in one embodiment of 
the invention disposed opposite a ferromagnetic membrane 6, 
which can be deformed under the effect of a force 7 applied 
vertically relative to the said membrane 6. When applied, 
force 7 therefore induces a deformation of the aforesaid 
membrane 6 that then modifies the air gap between this 
membrane 6 and the assembly comprising magnet and 
magnetosensitive element . 

This variation of air gap will produce a variation of 
induction at the magnetosensitive element 3 which could be 
linked to the force applied on the aforesaid membrane. This 
transducer can be used in particular in applications of 
measurement of mass for automobile seats . 

One of the objectives of the present invention is to 
propose a ferromagnetic target 1 having a linear response of 
the induction of the magnet /magnetosensitive element assembly. 
Thus the present invention proposes a method suitable for 
forming or defining the appropriate geometric shape of this 
target in such a way as to obtain the aforesaid linear 
response. Of course, it is currently interesting and desirable 
in numerous applications to obtain linearity of the induction, 
although it will be possible to achieve all other forms of 
this induction, up to very particular induction curves or 
plots . 

Initially, therefore, a geometric shape is chosen for 
target 1, and the exterior shape or configuration of the 
target, that is, facing the magnet/magnetosensitive element 
assembly, is defined by means of a ^^spline" function passing 
through n points p defined by their coordinates (x, y) . The 
shape of the profile of target 1 facing the 
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magnet /magnetosensitive element assembly will be ideally 
chosen initially such that, in the opinion of the person 
skilled in the art, it best approximates the final shape of 
the said profile. 

The induction perceived by the magnetosensitive element 
of the device according to the invention is simulated for k 
linear or angular positions of the target (where k > 1) . By 
means of these k values, there is defined a functional 
relationship of the following type: 

J(p) = S| I (Xk, p) - f (Xk) I 

With this functional relationship it is possible to 
quantity the difference between the simulated induction values 
I (xk, p) and a function f (xk) that we wish to obtain. 

The next step makes it possible to quantify the influence 
of the n points of target 1 on the induction perceived by 
magnetosensitive element 3 for the k positions of the 
aforesaid target 1. Each of the n points of target 1 is 
modified, and the calculation of the induction perceived by 
magnetosensitive element 3 is repeated with this new target 1 
for the k linear or angular positions of target 1. In this way 
there is obtained a matrix A of dimensions k * (n + 1) defined 
with the k induction values simulated by the (n + 1) targets 
1. It remains to solve the equation below to find the vector d 
(n components) corresponding to the deformation to be applied 
to the target in order to tend toward the chosen output 
signal . 

(A^'A + A,I) d = -A>(p), where <l)k(p) = | I (Xk, p) - Ik| 
The steps are then repeated until an induction response 
or perception of the induction by the magnetosensitive element 
that is obtained is sufficiently close to a predefined 
function. 
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In the foregoing, the invention is described by way of 
example. It is understood that the person skilled in the art 
is capable of constructing different versions of the invention 
without departing from the scope of the patent. 



